Since 1980's, reversed micelles, as a mimetic membrane system, 1 have attracted the increasing interest of chemists and biologists. They can provide a nano-sized reaction room, 2 sometimes entitled reverse micellar microreactors. 3 Reversed micelles have been widely studied concerning enzyme activity, [4] [5] [6] the solubilization mechanism of protein, 7 conformational changes of protein, 8 the synthesis of nanoparticles, 9-12 and so on. Nanoparticle probes, compared with organic dyes acting as biosensors in chemical and biochemical fields, have been researched recently and their application is becoming more extensive. Three types of nanoparticles in biochemical analysis are used: metal nanoparticles, 13 silica nanoparticles, 14, 15 and luminescence quantum dot. 16, 17 These probes have been applied to the ultrasensitive detection of proteins, DNA sequencing, clinical diagnostics, etc. In the case of in vivo studies, the nanoparticles will possibly affect the tissues or cells of an organism. For example, Cd 2+ and S 2-are component parts of a quantum dot. Also, as we know, the two ions are harmful to the human body. By researching the interaction of CdS nanoparticles with BSA in reversed micelles, the effect of CdS to protein in real cells can be simulated.
Introduction
Since 1980's, reversed micelles, as a mimetic membrane system, 1 have attracted the increasing interest of chemists and biologists. They can provide a nano-sized reaction room, 2 sometimes entitled reverse micellar microreactors. 3 Reversed micelles have been widely studied concerning enzyme activity, [4] [5] [6] the solubilization mechanism of protein, 7 conformational changes of protein, 8 the synthesis of nanoparticles, [9] [10] [11] [12] and so on. Nanoparticle probes, compared with organic dyes acting as biosensors in chemical and biochemical fields, have been researched recently and their application is becoming more extensive. Three types of nanoparticles in biochemical analysis are used: metal nanoparticles, 13 silica nanoparticles, 14, 15 and luminescence quantum dot. 16, 17 These probes have been applied to the ultrasensitive detection of proteins, DNA sequencing, clinical diagnostics, etc. In the case of in vivo studies, the nanoparticles will possibly affect the tissues or cells of an organism. For example, Cd 2+ and S 2-are component parts of a quantum dot. Also, as we know, the two ions are harmful to the human body. By researching the interaction of CdS nanoparticles with BSA in reversed micelles, the effect of CdS to protein in real cells can be simulated.
In this work, the effects of the microenvironment induced by reversed micelles on the fluorescence spectra of BSA were investigated. The focus of this work was researching the effects of neutral and charged CdS nanoparticles on BSA-fluorescence quenching in reversed micelles. The quenching may be the result of energy transfer between BSA and CdS nanoparticles. A quenching equation according to the static quenching model and the quenching constant was obtained.
Experimental

Apparatus
Fluorescence and UV spectra were measured on a Hitachi F-4500 fluorescence spectrophotometer and a TU-1221 PUXI General UV-VIS spectrophotometer, respectively.
Reagents
All chemicals were analytical-grade regents. Doubly distilled water via a double-distillation quartz set was used throughout.
Bovine serum albumin (BSA), purchased from LiZhu DongFeng Biotechnology, Co. LTD. (Shanghai, China), was used without further purification. A stock solution of BSA at a concentration of 30 mg ml -1 was prepared using water and stored at 4˚C prior to use. A cetyltrimethylammonium bromide (CTAB) solution (0.05 mol L -1 ) was prepared by dissolving an appropriate amount of CTAB into 500 ml of 1-butanol-cyclohexane mixture (v/v = 1/9), where 1-butanol acted as a co-surfactant.
Procedure
Appropriate quantities of BSA aqueous solution and water were transferred to a small flask using a microsyringe, followed by adding a CTAB organic solution to a total volume of 10.00 ml. The water content, ω (= [H2O]/[CTAB]), was adjusted by changing the volume of water at a fixed BSA concentration in reversed micelles. A blank system was prepared similarly, but by replacing the BSA solution with water of the same volume. Both the BSA-H2O-CTAB mixtures and the blank were ultrasonicated for 5 min until the micellar suspension turned to be completely transparent. The reversed micelle mixtures were subjected to fluorescence wavelength scans and 3D fluorescence measurements with the following instrumental parameters: excitation wavelength (λex), 280 nm; excitation slit (EX), 5 nm; emission wavelength range (λem), 300 -400 nm; emission slit (EM), 5 nm; 3D fluorescence measurement Na2S and CdCl2 reversed micelle mixtures were similarly prepared, but the ultrasonic time was 30 min. CdS reversed micelle mixtures were prepared by mixing the Na2S and CdCl2 ones together and ultrasonicated for 10 min until becoming transparently yellow. At a fixed final concentration of BSA, a mixture of varying volume of CdS and H2O reversed micelle systems was added to a series of BSA reversed micelle systems, and then the final mixtures were ultrasonicated for 5 min. The fluorescence emission spectra of the final mixtures were similarly measured. Figure 1 shows the fluorescence emission spectra of BSA in an aqueous solution and in CTAB reversed micelles. Compared with the BSA aqueous solution, the 10-nm blue shifts from 338 nm to 328 nm were observed in the micellar case for the fluorescence emission peaks. The fluorescence intensity of BSA in reversed micelles decreased with the increase of water pool content (ω), and then became steady when ω > 15. In order to gain further insight into the spectral properties of BSA reversed micelles, 3D fluorescence measurements were carried out. 3D fluorescence spectra have also been used for qualitative analysis. 18, 19 Figures 2(a) -(c) show the 3D fluorescence spectra of BSA in an aqueous solution, CTAB reversed micelles systems (ω = 10) and BSA in CTAB reversed micelles systems (ω = 10), respectively. Two-peak regions in Fig. 2(a) (peaks at 230/340 nm and 280/340 nm), two-peak regions in Fig. 2(b) (peaks at 230/280 nm and 270/280 nm), and three-peak regions in Fig. 2(c) (peaks at 230/280 nm, 270/280 nm and 280/330 nm) are seen. It can be identified that the BSA peak at 230/340 nm disappeared in reversed micelles, and the peak at 280/330 nm should result from a blue shift of the peak at 280/340 nm.
Results and Discussion
Spectral properties of BSA in reversed micelles
These findings can be explained in light of certain models of the "water pool" microenvironment. As is known, there are five possible models for proteins solubilized in reversed micelles, 20 namely, the "contact with organic solution" model, the "interaction with the micelle wall" model, the "water-shell" model, the "cooperation" model, and the "fused network" model. We believe that the former two can be used in this work. As a cationic surfactant, CTAB interacts intensively with negatively charged BSA molecules at pH 7. The "water pool" of a small size (e.g. ω = 3) can not completely envelop BSA macromolecules, leading possibly to the direct contact of some BSA moieties with the organic solution, and thus the "contact" model holds. When the "water pool" grows up (e.g. ω = 10), all BSA macromolecules may be completely localized in the CTAB reversed micelles, and some BSA macromolecules can adsorb on the inner membrane of the "water pool" due to the electrostatic interaction. This belongs to the "interaction with the micelle wall" model. In both models, the electrostatic attraction always occurs between BSA and the CTAB membrane in the present systems; the structure of BSA possibly changed in the presence of n-butanol, leading to a blue shift of the characteristic peak of BSA in the fluorescence spectra and changes of the peak regions of the 3D fluorescence spectra. Since, at a fixed BSA concentration, more BSA macromolecules existed in their adsorption state with the growth of the "water pool", the fluorescence intensity decreased. When the size of the "water pool" became large enough (e.g. ω = 25), all BSA macromolecules were adsorbed on the CTAB inner membrane, and thus the spectral intensity decreased to its minimum and a decrease with the further increase in ω was not observed. Figure 3 shows a TEM photograph of CdS nanoparticles, where CdS particles (black) were enveloped by the "water pool" (gray). The average size of particles was calculated to be 40 nm in diameter. The surface charge of CdS nanoparticles can be changed by adjusting the [CdCl2]/[Na2S] ratio. When the amount of CdCl2 molecules was more superfluous than that of Na2S molecules, the surface of CdS nanoparticles was surrounded by Cd 2+ cations, and thus the nanoparticles were positive. Otherwise, they were negative. ]/[S 2-] ratios and the charges of the CdS particles. The size of the CdS nanoparticles was also invariable, as examined by TEM. This finding is different from the literatures. 21, 22 Pileni reported that the size of CdS nanoparticles was minimum when [Cd 2+ ] was two-times [S 2-]. 21 Murthy reported that the peak site of the UV spectrum of CdS nanoparticles showed a blue shift with the size decrease of the nanoparticles. 22 The literature-reported phenomena occur only when the CdS-crystal size is comparable with, or below, the excitonic diameter of 5 -6 nm. 2 The size of CdS nanoparticles in this work, ∼40 nm, was much larger than 5 -6 nm; thus, a blue shift of absorption and an increase of diameter were not observed. Figure 5 shows that as long as the CdS nanoparticles were present in reversed micelles, the intensity of the BSA fluorescence emission spectra was quenched drastically, especially for the negatively charged CdS nanoparticles. Positive or neutral CdS nanoparticles exhibited almost equivalent quenching (b, c, and d in Fig. 5 ), while the quenching degree significantly increased for negatively charged CdS nanoparticles, and more negative charges brought about more significant quenching (e and f in Fig. 5 ). This may be a result of static quenching. 23 There were energy transfers between BSA and the CdS nanoparticles. Both the fluorescence emission spectrum of BSA and the absorption spectra of CdS nanoparticles were in the UV region, and the spectral overlapping between them is evident from Figs. 1 and 4 . Thus, energy transfer occurred from the BSA macromolecules to the CdS nanoparticles in reversed micelles. The overlapping area between the UV spectrum of positive or neutral CdS nanoparticles and the fluorescence emission spectrum of BSA was equal, because the absorbance of positive or neutral CdS nanoparticles was basically equivalent. Thus, the transferred energy was the same, and the quenching degree was accordant (b, c, and d in Fig. 5 ). When negative CdS nanoparticles were added into BSA reversed micelles, the transferred energy increased with an increase of the overlapping area between two kinds of spectra, showing that the degree of quenching was more significant (e and f in Fig. 5 ).
Effects of CdS nanoparticles on the fluorescence properties of BSA in reversed micelles
Concentration effect of negative CdS nanoparticles on BSA fluorescence quenching
The intensity of the fluorescence spectra of BSA quenched drastically with the addition of negative CdS nanoparticles, as shown in Fig. 6 . The higher was the concentration of negative CdS nanoparticles, the lower was the intensity of the fluorescence spectra of BSA. It could be attributed to energy 
Comparing this equation with the static quenching equation, 23
where K and [θ] represent the quenching constant and the concentration of quenching reagent, respectively, and one may obtain the quenching constant for this system to be 1.32 × 10 4 L mol -1 .
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